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Description

Background of the Inventinn

1. Field of the Invention

This invention relates to a dry phase test strip for
measuring the concentration of an analyte in a biological
fluid; more particularly, a strip that has built-in calibra-
tion.

2. Description of the Related Art

Dry phase reagent test strips incorporating en-
zyme-based compositions are used extensively in clin-
ical laboratories, physicians' offices, hospitals and
homes to measure the concentration of certain analytes
m biological fluids. These strips have, for example
measured glucose, cholesterol, proteins, ketones, phe-
nylalanine, or enzymes in blood, urine, or saliva. Meas-
uring glucose concentration in samples of whole blood
is a particularly common use. In fact, reagent strips have
become an everyday necessity for many of the nation's
several million people with diabetes. Since diabetes can
cause dangerous anomalies in blood chemistry, it can
contribute to vision loss, kidney failure, and other seri-
ous medical consequences. To minimize the risk of
these consequences, most people with diabetes must
test themselves periodically, then adjust their glucose
concentration accordingly, for instance, through diet ex-
ercise, and/or with insulin injections. Some patients
must test their blood glucose concentration as often as
four times or more daily.

It is especially important for persons who must con-
trol their diet in order to regulate sugar intake and/or ad-
minister insulin injections, and who must be guided in
this regard by frequent tests of blood glucose concen-
tration, to have a rapid, inexpensive, and accurate test

Test strips are known that contain a testing reagent
that turns a different shade of color, depending on the
concentration of glucose in a blood sample that has
been applied to the strip. The blood glucose concentra-
tion is measured by inserting a strip into a meter that is
basically a reflectance photometer, which determines
the concentration from the change in color caused by
the reaction between the testing reagent and blood glu-
cose. The testing reagent typically contains an enzyme
such as glucose oxidase, which is capable of oxidizing
glucose to gluconic acid lactone and hydrogen peroxide-
an oxidizable dye; and a substance having peroxidase
activity, which is capable of selectively catalyzing oxida-
tion of the oxidizable dye in the presence of hydrogen
peroxide. (See, for example, U.S. Pat. No. 4 935 346
issued June 1 9, 1 990, to Phillips et al.)

Whether the test is conducted in the home, physi-
cian's office, clinic or hospital, accuracy and reproduci-
bility of the glucose determination are extremely impor-
tant. However, these strips, by their nature, do not lend
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themselves to largescale manufacture with adequate
strip-to-strip reproducibility from one batch to the next
Consequently, it is necessary to assign to each lot of
strips a calibration code that corrects for this variability.
The calibration code may be marked on the strip con-
tainer, and the user must enter the code into the meter
when he or she begins to use a new batch of strips If
the user fails to enter a new calibration code or enters
an incorrect one, the resulting value of glucose will be

"> incorrect. Thus, it is advantageous to incorporate the
calibration code on the strip, so that the meter can "read"
the calibration code before calculating the glucose con-
centration. In that way, there is no involvement of the
user who typically is unaware that calibration is needed

U.S. Pat. 4,476, 1 49, issued on October 9, 1 984 to
Poppe et al.

,
discloses an analysis test strip and process

or making it that includes on-strip calibration informa-
tion. The strip includesa "testfield" in which the analysis
takes place and a batch-specific bar code, which pro-
vides calibration information specific to strips made in a
particular batch. (See also U.S. Pats. 4,510,383 and
4,592,893.) In principle, the process provides a strip
whose calibration is transparent- to the user' i e the
user ,s unaware of the calibration step. While' that' is a^ highly desirable result, it comes at a high price. The bar
code must be printed very precisely, with tight toleranc-
es on the width and spacing of the bars, over the entire
length of the web that constitutes a single batch of (un-
cut) strips. Moreover, the printing must be done in a way

30 that does not change the characteristics of the test field
Furthermore, the meter must have a sophisticated opti-
cal system in order to read the tightly-spaced bar code
reliably (See U.S. Pat. 4,510,383).

U.S. Pat. 5,281,395, issued on January 25 1994
3* to Markart et al.

, discusses the practical problems raised
by the strip of Poppe, et al. and addresses some of them
with a two-strip system. The "test carrier" contains the
reagent for reacting with the analyte to be measured and
the "code carrier" has the calibration bar code that is

40 characteristic of a particular batch. Each carrier also has
a machine-readable batch identification. This approach
reduces the technical difficulties and expense involved
in manufacturing the strips ofPoppe et al; however it re-
quires the use of a second strip in order to calibrate the45 meter.

U.S. Pat. 3,907,503, issued on September 23
1 995, to Betts et al., discloses a test system for meas-
uring a variety of analytes, using a single strip. The strip
includes a code means that identifies the particular test
device and one or more reagents for the particular tests
done by that strip. The code means does not provide a
calibration for any of the reagent systems. In its simplest
form, it is an opaque area attached to a generally trans-
parent carrier. The nature of the test device is identified
by the position of the code means relative to the reagent
test areas. The code means may also include a distinc-
tive mark or color, which can be recognized by the meter
as identifying a particular type of strip.
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Connolly, in PCT Application W096/13707, pub-

lished on May 9, 1996, discloses an apparatus and
method for detecting various analytes in body fluids, us-

ing dry test strips. In one embodiment, test strips are

color coded to identify the test that a particular strip is

intended for. Thus, a blue strip may measure glucose

and a red strip cholesterol. The colors are divided into

shades, for example 64 shades of blue represent 64 dif-

ferent lot numbers of glucose strips. The apparatus has

a memory module which stores a lot number. If the lot

number measured from the strip doesn't match the lot

number in the memory module, the test isnl performed.

This approach requires that each batch of test strips

have a memory module, which is inserted into the ap-

paratus before the strips of that batch can be used.

U.S. Pat. 5, 515, 170, issued on May 7, 1996, to

Matzinger et al., discloses a reagent strip for measuring

the concentration of glucose in whole blood. The strip

has a testing pad that contains a reagent system that

changes color to indicate the glucose concentration.

The testing pad is formed from an anisotropic mem-
brane, which has relatively large pores near one major

surface and smaller pores near the opposite surface. A
porous transport medium is attached to the large-pore

surface of the pad. The whole blood sample is applied

to the transport medium, which transfers a detectable

portion of the sample to the large-pore side of the pad.

Glucose in the sample then moves toward the opposite

side, where it reacts with the reagent to cause a color

change that is visible from the small-pore side of the pad

and that indicates the glucose concentration in the sam-
ple.

There is a need for a reliable system that incorpo-

rates calibration code information on a strip in a way that

does not make excessive demands on the strip-manu-

facturing process, yet eliminates the need for a user to

be involved in calibration.

Summary of the Invention

In accordance with the present invention a diagnos-

tic test strip for measuring an analyte concentration in a

sample of biological fluid, comprises

(a) a membrane, having a sample side, to which the

fluid sample is applied, and a testing side, opposite

the sample side;

(b) a testing reagent impregnated in the membrane
for reacting with the analyte in the sample to cause
a detectable color change on the testing side; and
(c) a membrane support, attached to the membrane
and having on a major surface a colored indicator,

whose hue indicates calibration of the strip.

In a method of the present invention, a method for

measuring an analyte concentration in a sample of bio-

logical fluid, comprises the steps of

(a) providing a test strip that includes

(i) a membrane having a sample side and a
testing side, opposite to it,

5 (ii) a testing reagent impregnated in the mem-
brane for reacting with the analyte to cause a

color change on the testing side, and
(iii) a membrane support having on a major sur-

face a colored indicator, whose hue indicates a
io calibration of the strip.

(b) applying the fluid sample to the sample side of

the membrane,

(c) measuring the hue of the indicator and the
is change in color of the testing side, and

(d) calibrating the analyte concentration from the

measured values of indicator hue and testing side

color change.

20 a diagnostic test strip of the present invention elim-

inates the need for a user to enter a strip calibration code

into a meter and thereby eliminates the possibility that

an incorrect code could be entered.

25 Brief Description of the Drawings

Fig. 1 is a plan view of a strip of the present inven-

tion.

Fig. 2 depicts light intensity as a function of time dur-

30 ing insertion of the strip of Fig. 1 into a meter.

Fig. 3 depicts a schematic of absorption spectra of

dyes suited for use in this invention.

Fig. 4 is a plan view of another embodiment of a

strip of the present invention.

35

Detailed Description of the Invention

The present invention provides an indicator on the

type of diagnostic test strip that is used in conjunction

40 with a meter to measure analyte concentration in a sam-

ple of biological fluid. The indicator is colored, and its

hue indicates to the meter a calibration that is charac-

teristic of the strip and that enables the meter to compute

the analyte concentration more accurately than is pos-

45 sible without the calibration information. By 'hue' in this

specification and the appended claims, we mean the

characteristic of a substance which results from its se-

lective absorption of certain wavelengths of visible light

in preference to others. Thus, hue is distinguished from

50 "shade," which has reference to the general absorption

of a substance throughout the visible spectrum, dark

shades absorbing more, light shades absorbing less.

The present indicator is adapted for use on any test

strips used to measure the concentration of an analyte.

55 it is useful where strip parameters have a variability that

can be reduced by incorporating a calibration code into

the computation of the analyte concentration. Since the

indicator involves a color measurement, it is particularly
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well adapted for systems that incorporate an optical

measurement system that can also be used to read the

indicator. Photometric systems for monitoring blood glu-

cose are an example, since these measure a color

change in a reagent in order to determine glucose con-

centrations in whole blood.

A photometric strip-and-meter system that is suita-

ble for the present invention involves a two-layer strip

of the type described by Matzinger et al. in U.S. Pat 5,

515, 170, incorporated herein by reference. The key el-

ements of such a strip are a porous membrane that in-

corporates a testing reagent, a porous transport medi-

um attached to one side of the membrane, and a support

layer attached to the other side. An aperture through the

support layer provides a view of the membrane. A blood

sample is applied to the transport medium and a portion

of it travels to and through the membrane. The strip un-

dergoes a measurable color change in response to glu-

cose in the blood sample. The transport medium is

adapted to accept a whole blood sample and transport

a detectable portion of the sample to the membrane.

The sample may be moved by capillary action. The

transport medium preferably extends past one or more

ends of the membrane so as to form a reservoir for hold-

ing excess amounts of blood sample. Accordingly, it is

preferred that the transport medium be capable of hold-

ing from about 10 to about 50 microliters of blood, pref-

erably about 35 microliters of blood, and of passing from

about 3 to about 10 microliters of blood to the mem-

brane. The transport medium may be composed of nat-

ural fibers, such as cotton or paper, as well as polyes-

ters, polyamides, polyethylene, and other synthetic pol-

ymers. Polyethylene is the preferred transport medium

material; for example, porous polyethylene available

from the Porex Corp. of Fairburn, Georgia.

The membrane may be of a uniform composition or

may be a coated substrate. It has a sample side, to

which the transport medium is attached, and a testing

side, where the color change is observed. Preferably,

the membrane is anisotropic; more preferably, having a

broad range of pore sizes. For example, a gradient of

pore sizes in which the ratio of largest-to-smallest pores

is in the range of about 1 00-400 is preferred. On the test-

ing side of the membrane, where the pores are smallest,

the void volume is relatively small, and the material of

the membrane is generally quite dense, within a layer

that can typically constitute up to 20% of the mem-

brane's thickness. Within this layer, pore size is prefer-

ably in the range from about 0. 1 to about 0.8 micrometer,

with a nominal pore size preferably about 0.3-0.4 mi-

crometers. On the sample side, pore size is preferably

in the range from about 40 micrometers to about 125

micrometers. After passing through the transport medi-

um, the blood enters the sample side of the membrane

and encounters increasingly smaller pores as it pene-

trates through the membrane. Eventually, solids such

as red blood cells reach a position in the membrane

where they can penetrate no further. The balance of the

sample, still containing the dissolved glucose, pene-

trates through to the testing side. The anisotropic nature

of the membrane permits relatively rapid flow rates

through the membrane, even while filtration of the solids

5 is taking place. Polysulfones and polyamides (nylons)

are examples of suitable membrane materials.

As the sample passes through the membrane, re-

action with the reagent causes a light-absorbing dye to

be formed in the void volume near the testing side,

io thereby substantially affecting reflectance from the

membrane.

The testing reagent comprises a component for

converting glucose to hydrogen peroxide and a compo-

nent for detecting hydrogen peroxide. The reagent may

is optionally further comprise a separating component

which causes solids, such as red blood cells, to become

attached to or entrapped in the membrane, effectively

removing the solids from the biological fluid.

A preferred component for converting glucose to

20 hydrogen peroxide is glucose oxidase, an enzyme that

reacts with glucose and oxygen to produce gluconolac-

tone and hydrogen peroxide. *

The hydrogen peroxide so produced reacts with the

component for detecting hydrogen peroxide, which

25 comprises a peroxidase that selectively catalyzes a re-

action between the hydrgen peroxide and an indicator.

Horseradish peroxidase is an especially preferred per-

oxidase catalyst and [3-methyl-2-benzo-thiazolinone

hydrazone] N-fulfonyl benzenesulfonate monosodium

30 (MBTHSB) combined with 8-anilino-1 naphthalene sul-

fonic acid ammonium (ANS) is a preferred indicator dye

couple to react with the hydrogen peroxide.

Details concerning the reagent and other elements

of the strip appear in U.S.Pat.5,563,031, issued on Oct-

35 ber 8, 1 996, to Y.Yu, which is incorporated herein by ref-

erence.

The color change on the testing side of the mem-

brane is measured by an optical sensor (i.e., by reflect-

ance photometry) to yield the blood glucose concentra-

40 tion. One or more calibrated reference color guides are

exposed to a light source before or after the testing side

is exposed to the light source. For example, light may

be sequentially reflected to a sensor from the color guide

and the testing side.

45 The sensor generates a signal that changes as the

reference and the testing side are sequentially exposed

to the light source. The changes in signal are then quan-

titatively related to concentration levels of glucose in the

sample according to mathematical formulas which have

so previously been prepared using similar viewing means

and samples of known glucose concentration. Details of

this embodiment appear in copending U.S. Pat. Appl.

Serial No. 493,435, filed on June 22, 1995, and incor-

porated herein by reference.

55 Fig. 1 . is a plan view that illustrates an on-strip cal-

ibration indicator on the diagnostic test strip described

above. The surface 10 which appears in Fig 1 (the "bot-

tom" or "testing" surface) is that which faces the reflect-

4
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ance photometer when the strip is inserted into the me-
ter. The direction of insertion is indicated by the arrow.

From the leading edge 12, dark zone 14 extends to light

standard zone 16. indicator 18 is colored, the hue indi-

cating a calibration code that is used by a meter, togeth-

er with the reflected signal from the testing side 20 of

the membrane to calculate a glucose concentration.

In practice, a user applies a whole bfood sample to

the "top" or "sample" side of the membrane, opposite

the side shown in Fig 1 . Thereafter, as strip 1 0 is inserted

into a meter there is a sequence of reflected light that

provides a "signature" for the strip and that initiates the

glucose measurement. The sequence is shown sche-

matically in Fig 2, which depicts reflected light intensity,

I, as a function of time as the strip is inserted. Initially,

in region A, the sensor detects light reflected from the

empty strip holder. The reduced intensity in region B in-

dicates that a strip is being inserted and the reflection

is from dark zone 14. As strip insertion continues, in-

creased intensity in region C indicates that light is being

reflected from standard zone 16. Next, reflected light in-

tensity is again reduced in region D, as the sensor de-

tects reflection from indicator 1 8. The dashed lines show
that the reflected intensity, as well as the intensity at a

second wavelength, will differ from one strip to the next

to provide calibration information. Finally, in region E,

when the strip is fully inserted, the sensor detects an
initially increased light intensity reflected from the test-

ing side 20 of the membrane. As the glucose reaction

proceeds, dye formation causes a reduction in reflected

light to a value that indicates the glucose concentration

in the sample. The calculation of the value involves the

calibration, provided by reflection in region D, and the

quantity of dye formation, provided by reflection in re-

gion E. Note that we refer above to reflected light; how-
ever, indicator 18 could alternatively be transparent, and
calibration information would result from differences in

absorbance of light incident on the other side of the strip.

In order to provide accurate calibration, a large

number of calibration codes is desirable. To provide

such a large number and to reduce the risk of the meter
sensing the wrong code, light reflected from indicator 1

8

is measured at two wavelengths, and the ratio of the two
values of reflected light provides the calibratbn informa-

tion. This is accomplished by printing indicator 18 using

variable combinations of two different inks and illuminat-

ing the indicator with two different colors of light. Ideally,

the indicator is colored by inks that have narrow regions

of selective absorption, such as is depicted schemati-

cally in Fig 3. As shown there, one ink has an absorption

peak at ^ , the other at A^, and each ink shows little ab-

sorption at the peak absorption wavelength of the other.

Similarly, the light sources would ideally have outputs

with peaks that correspond to the absorption peaks of

the inks. As a practical matter, it is neither possible nor

necessary to achieve these ideals. For example, with

the strip and meter system described above, it is con-

venient to use a meter having two LEDs whose peak

outputs are at about 660 nm and 940 nm, respectively.

This meter simply requires that the indicator code use
inks that have very different absorption at those two
wavelengths.

5 The indicator code that is appropriate for a particu-

lar batch of strips is determined by the membrane batch,

since it is the membrane that cannot be made sufficient-

ly uniform from one batch to the next. Thus a small

number of trial strips are made from a membrane batch
10 and the appropriate calibration code is determined. That

code is then applied to each of the strips prepared from

that membrane batch, by applying the appropriate ratio

of ink amounts at the indicator position 18. The inks can
be applied in any of a variety of ways well known in the

*5 art; e.g., lithography, screen printing, electrographic

printing, 19 laser printing, and ink-jet printing. Ink-jet

printing is preferred.

Fig 4 depicts another embodiment of a strip of this

invention. This embodiment is described in detail in U.

20 S.P. 5, 304,468, issued on April 19, 1994, to Phillips et

al., incorporated herein by reference. Its operation is

summarized below. A strip 30 has an indicator region

32 that provides calibration information and membrane
34, which is impregnated with a reagent that reacts with

25 an analyte to cause a color change. As with the strip

depicted in Fig 1, the analyte-containing sample is ap-

plied to the strip on the opposite side of the membrane
- shown here by the dashed circle surrounding sample
application area 36. Notches 38 ensure proper place-

so ment of strip 30 in a meter. The strip shown in Fig 4 is

of the type that is first placed into a meter, before the

sample {e.g., blood) is applied. Blood penetrating

though membrane 34 is detected by the meter, and a

timed sequence is begun, at the end of which the reflec-

ts tion is measured and the analyte concentration calcu-

lated from that measurement.

This sequence differs from that followed with the

embodiment of Fig 1 , where the sample is applied to the

strip before it is inserted into the meter. The fact that the

40 sample is applied after the strip is inserted means that

there is generally no need to measure reflected light

from any area of the strip other than the reaction area,

unlike the situation with the strip of Fig 1 (see Fig 2,

above). Nevertheless, reflection from indicator region

& 32 could be read in a variety of ways. For example, a
switch - electrical, electro-mechanical, or optical - could

be triggered when the strip is inserted, and reflection

from region 32 could be measured as the strip is inserted

into the meter. Alternatively, a switch could be triggered

50 as the strip is withdrawn; however, that would require a

user to withdraw the strip from the meter before the an-

alyte concentration could be calculated. As with the em-
bodiment of Fig 1, the calibration of a strip batch is de-

termined from sample strip formed using a particular

55 membrane batch and the calibration is printed in the

form of an area 32 of a particular hue. For the strip and
meter of this embodiment, it is convenient to use a meter
that measures reflected light from the strip at 635 nm

5
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and 700 nm, but other wavelengths could be used in-

stead.

Claims

1 . A diagnostic test strip for measuring an analyte con-

centration in a sample of biological fluid, comprising

(a) a membrane, having a sample side, to which

the fluid sample is applied, and a testing side,

opposite the sample side;

(b) a testing reagent impregnated in the mem-
brane for reacting with the analyte in the sample

to cause a detectable color change on the test-

ing side; and

(c) a membrane support, attached to the mem-
brane and having on a major surface a colored

indicator, whose hue indicates a calibration of

the strip

10

ing side color change.

6. The method of claim 5 in which the indicator hue is

determined by measuring the ratio of optical reflect-

s ance at two different wavelengths.

7. The method of claim 5 in which the indicator hue is

determined by measuring the ratio of optical ab-

sorbance at two different wavelengths.
10

15

20
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2. The strip of claim 1 in which the analyte is glucose

and the fluid is whole blood.

3. The strip of claim 2 in which the reagent comprises 25

(a) a first component for creating hydrogen per-

oxide from glucose and oxygen and
(b) a second component for reacting with the

hydrogen peroxide to cause the color change 30

on the testing side.

4. The strip of claim 1 in which the indicator is colored

by a combination of two dyes, and the hue is deter-

mined by the relative amounts of the dyes. 35

5. A method for measuring the analyte concentration

in a sample of biological fluid, comprising the steps

of

(a) providing a test strip that includes

i) a membrane having a sample side and a

testing side, opposite to it,

(ii) a testing reagent impregnated in the 45

membrane for reacting with the analyte to

cause a color change on the testing side,

and

iii) a membrane support having on a major

surface a colored indicator, whose hue in- so

dicates a calibration of the strip;

(b) applying the fluid sample to the sample side

of the membrane;

(c) measuring the hue of the indicator and the 55

change in color of the testing side; and
(d) calculating the analyte concentration from

the measured values of indicator hue and test-

6
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FIG. 3
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